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Translation of Japanese Reference 
METHOD FOR MEASURING BOD 
Claims 

1 . A method for measuring BOD using a microorganism electrode, wherein the method 
comprises: 

contacting the microorganism electrode with a sample solution, and 
measuring electric current which is proportional to BOD, 

wherein the microorganism electrode includes a microorganism that catabolizes organic 
materials and consumes oxygen in between a separating membrane of an oxygen electrode and a 
dialysis membrane covering the separating membrane. 

2. The method for measuring BOD of claim 1, wherein the electric current is measured 
by contacting the microorganism electrode with the sample solution in the presence of phosphate 
ion. 

Detailed Description of the Invention 

The present invention relates to methods of determining biochemical oxygen demand 
(BOD) very fast and simply, and to devices used for the methods. 

Currently, the BOD measurement is carried out according to the method defined by the 
Japanese Industrial Standard (JIS) (the method for testing industrial wastewater: JISKO 102- 1972). 
However, since this method is time-consuming and cumbersome, there has been a need for an 
improved method that enables the determination of BOD with short time in simple way. To 
meet this objective, the present inventors already invented a method for rapid detenninadon of 
BOD, which can be done in time as short as 20-30 min using a microorganism oxygen electrode 
(Abstract for the 1976 Annual Meeting of the Society of Fermentation Technology, Japan, P-127; 
Japanese Patent Application No. S51-121942). 

This method is a remarkably simple and fast method, in which a microorganism 
electrode, which is configured by combining an oxygen electrode and a 
microorganism-immobilized membrane obtained by entrapping and immobilizing soil 
microorganisms with collagen or such, is immersed in a test solution, and the balanced electric 
current is measured after a certain time (20-30 min),. 

The method is an excellent BOD-measuring method having many advantages over the 
conventional methods, since the method can determine BOD in a short time of 30 min or less, 
measure a wide range of BOD levels, obtain highly reproducible and precise data, be reusable for 
long time, and be automated. 
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The present inventors further conducted studies for the improvement and practical 
application of the method using the microorganism-immobilizing electrode. However, they 
found that when the electrode was used continuously over long time, either the balanced electric 
current obtained from a sample solution with a constant BOD level or that of solution with BOD 
5 of zero (baseline) gradually decreased and became impossible to measure, and thereby the 
microorganism-immobilized membrane had to be replaced as needed, which became a big 
problem in its continuous use for long time. Another problem was that measurement errors 
occur in the BOD measurement due to the presence or absence of phosphate ion (PO4 2 " and the 
like) in sample solutions. 

1 0 The present inventors continued dedicated studies to improve the above shortcomings 

and enable the measurement in much shorter time. As a result, they solved the above problems 
by using, in place of the immobilized-microorganism membrane electrode, a microorganism 
electrode in which a microorganism is housed between the separating membrane of the oxygen 
electrode and the dialysis membrane covering it, and further by performing the BOD 

1 5 measurement in the presence of phosphate ion. 

Thus, the present invention relates to a method for measuring BOD and a device used 
therein, the method comprising the steps of contacting a sample wastewater with a 
microorganism electrode in which a microorganism that catabolizes organic materials and 
consumes oxygen is enclosed between the separating membrane of the oxygen electrode and the 

20 dialysis membrane covering it; measuring the electric current, which shows a linear relationship 
with the BOD in the sample; and calculating the BOD from the electric current 

The present invention uses microorganisms that catabolize organic materials and 
consumes oxygen, which include bacteria such as Pseudomonas fluorescence* Bacillus subtilis, 
and Pseudomonas aeruginosa, fungi such as Aspergillus niger and Rhizopus formosensis* and 

25 actinomycetes such as Streptomyces griseus. These are merely examples, and generally a group 
of microorganisms obtained from soil or activated sludge may be used. 

These microorganisms may be cultured in nutrition medium and harvested at the 
exponential growth phase when their viability is high. The microorganisms may be washed and 
resuspended in physiological saline, and stored at low temperature for long-term use. 

30 Fig. 1 illustrates an example of the microorganism electrode of the present invention. 

The numbers represent as follows: 1. dialysis membrane; 2. enclosed microorganisms; 3. Teflon 
(registered trade mark) membrane (the separating membrane of the oxygen electrode); 4. 
platinum cathode; 5. aluminum anode; and 6. electrolytic solution of potassium chloride. 

The oxygen electrode may be any one used in general. The dialysis membrane, which 

35 covers the separating membrane of the oxygen electrode, does not have to be special one, but can 
be any membrane as long as it keeps the enclosed microorganism from leaking and contains 
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micropores the size of which is enough to let substances in wastewater pass through freely. 
Generally, cellophane membrane, acetyl cellulose membrane, and the like are sufficient 

The above microorganism may be enclosed by the direct covering method, in which a 
microorganism is directly spread on the separating membrane of the electrode and is covered 
5 with the dialysis membrane, or by attaching a microorganism to a carrier such as a piece of filter 
paper and placing the carrier on the separating membrane of the electrode closely. The latter 
method is particularly preferred because it can easily control the amount of microorganism and 
therefore provide microorganism electrodes with constant characteristics. 

In another useful method, the microorganism is enclosed between two dialysis 
1 0 membranes and stored at low temperature. This is attached closely to the separating membrane 
of the oxygen electrode before use. 

It is preferable that the amount of enclosed microorganism is sufficient for rapidly 
catabolizing organic materials in wastewater diffiising into the dialysis membrane. That is, it is 
preferable to enclose a sufficient amount of the microorganism such that the diffusion of organic 
1 5 materials become the rate-limiting step in the catabolic process. 

Fig. 2 illustrates a system for measuring BOD using the microorganism electrode of the 
present invention. The numbers represent as follows: 1. microorganism electrode; 2. load 
resistor of the oxygen electrode; 3. recorder; 4. sample; and 5. stirrer bar. 

The principle of the BOD-measuring method of the present invention will be explained 

20 below. 

When the microorganism electrode is immersed in sample wastewater saturated with 
oxygen, organic materials in the wastewater are catabolized by the enclosed microorganism, 
thereby the oxygen concentration near the oxygen electrode is decreased, and the electric current 
decreases gradually, reaching a certain constant level (balanced electric current) after 10-20 min. 

25 This is presumably because there is an equilibrium established between the amount of oxygen 
diffusing into the dialysis membrane from wastewater and that consumed by the microorganism, 
which gives rise to a constant electric current. The amount of oxygen consumed by the 
microorganism depends on the concentration of BOD components (organic materials) in 
wastewater. In other word, there is a proportional relationship between the electric current and 

30 BOD in wastewater. Thus, by determining in advance the relationship between the electric 

current and BOD using standard solutions, BOD of sample solutions can be determined from the 
electric current. 

The measurement for determining BOD is carried out at 20-35°C in pH 5.5-8.0. 
During the measurement, samples must be stirred sufficiently with a stirring bar and the like. 
35 The measurement is preferably carried out in the presence of phosphate ion at lO^-lO" 3 M. The 
presence of phosphate ion further shortens the measurement time to 10-1 5 min, and increases the 
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sensitivity at the same time. In the conventional methods, there is a significant difference in 
measured values between wastewaters with and without phosphate ion. This problem is solved 
by carrying out the measurement under the condition such that phosphate ion is always present. 

When the conventional microorganism-immobilized membranes are used in place of the 
5 microorganism electrode of the present invention, the principle is the same and the same results 
can be obtained. However, when the conventional methods are used for continuous 
measurement, the baseline increases gradually, and thus, it is impossible to use them for 24-48 hr 
or longer. The reason for this is not clear, but is considered to be because the microorganism is 
entrapped and immobilized with collagen and the like, and therefore the environment around the 

1 0 microorganism in the immobilizing carrier is altered as the microorganism catabolizes organic 
materials in wastewater and grows. For example, when the microorganism is immobilized with 
collagen, the microorganism or its product may hydrolyze the collagen and cause physical and/or 
chemical changes in the immobilizing membrane itself, and thereby affecting the baseline. 

In contrast, microorganisms are simply enclosed in the microorganism electrode of the 

1 5 present invention, where species that catabolize nutrients in wastewater and are suitable for the 
environment proliferate dominantly. Thus, the living environment of the microorganisms is 
supposed not to change significantly, maintained almost natural, and therefore stable. 

The microorganism suspension used in the present invention can be preserved for 
several months at low temperature. Thus, the preservation stability of the microorganism 

20 suspension is not inferior to the microorganism-immobilized membrane. 

The method for determining BOD using the microorganism electrode of the present 
invention can measure BOD in sample solutions in remarkably short time such as within 15 min, 
and can be used continuously for at least 240 hours. Furthermore, the method is not affected by 
the presence of salts, and is excellent in the reproducibility and accuracy. Moreover, the 

25 ' microorganism electrode of the present invention is very easy to make without requiring 

cumbersome processes of immobilizing microorganisms. Thus, the present invention has many 
advantages. 

The present invention will be described below in detail with examples. 
30 [Example 1] 

Forty ml of returned sludge from the activated sludge processing plant in a food factory 
was inoculated into 500 ml of medium containing 1% glucose, 1% polypeptone, 1% yeast extract, 
and 0.5% sodium chloride, cultured with aeration at 30°C for 10 hr, and microorganisms were 
harvested by centrifugation. The harvested wet microorganisms were spread on the Teflon 
35 separating membrane of the oxygen electrode, covered with cellophane membrane, and then the 
upper portion was fixed using rubber bands to make the microorganism electrode as shown in 
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Fig. 1. 

The microorganism electrode was set in a measuring device as shown in Fig. 2, 
maintained at 30°C, and brought in contact with phosphate buffer (0.05 mol/1, pH 7) saturated 
with oxygen (Such solution with the BOD level zero is hereinafter referred to as "zero buffer". 
5 In addition, all sample solutions were saturated with oxygen). 

Next, for the standard sample solution, the glucose-glutamate standard solution 
(solution containing a mixture of equal amounts of glucose and glutamate) defined by JIS, was 
diluted with phosphate buffer (0.05 mol/1, pH 7) to the BOD level of 9 ppm. The 
microorganism-immobilized electrode was contacted with this solution as described above, the 
10 change in the output electric current was recorded over time, and the balanced electric current 
was measured. 

Similarly, the standard sample solutions diluted to the BOD levels of 18 and 36 ppm 
were prepared and the electric current was measured to obtain the results shown in Fig. 3. 

In Fig. 3, B, D, F, and H show the balanced electric current for the standard solutions 
15 with the BOD level of 9, 18, 27, and 36 ppm, respectively; and A, C, E, Q and I show the 

balanced electric current for the zero buffer (hereinafter referred to as base line). Furthermore, 
the balanced electric current values obtained from Fig. 3 were plotted against the BOD levels of 
the standard solutions to obtain Fig. 4. 

As shown in Fig. 3 and Fig. 4, the microorganism-immobilized electrode in the present 
20 invention showed the balanced electric current within 1 5 min in the sample solutions with the 
BOD levels from 9 to 36 ppm, and there was a proportional relationship between the BOD level 
of sample solutions and the balanced electric current. 

Thus, it is clear that the electrode can measure sample solutions with a wide range of 
BOD levels in a short time. 

25 

[Example 2] 

To examine the long-term stability of the microorganism-immobilized electrode of the 
present invention, the electrode was continuously operated for 240 hours in the same manner as 
described in Example 1. 

30 Fig. 5 is a plot showing the time course of the balanced electric current for the 

glucose-glutamate standard solution with the BOD level of 36 ppm and the baseline. In Fig. 5, 
A and B indicate the balanced electric current values for the baseline and the solution with the 
BOD level of 36 ppm, respectively. Although there was a slight drift in the balanced electric 
current over the long time, practically, such drift can be adjusted by checking with the standard 

35 solutions as needed. Thus, the results indicate that the microorganism-immobilized electrode of 
the present invention has the stability and durability required for its practical use. 
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[Example 3] 

Four gram of wet microorganism obtained as described in Example 1 was mixed with 
100 g of 1% collagen fibril suspension (pH 4.0), casted onto a Teflon plate, dried at 20°C, and 
5 then immersed in 1 % glutaraldehyde for 1 min and tanned 

This microorganism-immobilized membrane thus obtained was cut into appropriate size 
(5 cm x 5 cm), and fixed onto the Teflon membrane of the oxygen electrode using rubber bands. 

The microorganism-immobilized electrode was continuously operated as described in 
Example 2 to examine the stability and durability. Fig. 6 shows the time course for the baseline. 
10 As shown in Fig. 6, the electric current of the baseline measured by this electrode became zero 
after 55 hours of continuous operation, and the electrode became impossible to measure 
thereafter. 

[Example 4] 

1 5 To examine the effect of salts in sample solutions, a variety of salts were tested. The 

results revealed that phosphate ion (PO4 2 ") had a significantly large effect. 

Specifically, the microorganism-immobilized electrode made as described in Example 1 
was contacted with the zero solution (test solution with BOD of zero) containing no phosphate 
ion for 24 hr and the balanced electric current (baseline) was measured. 
20 The result was shown in Fig. 7A. 

Next, the electrode was contacted with the glucose-glutamate standard solution with the 
BOD level of 1 8 ppm containing no phosphate ion, and the balanced electric current as shown in 
Fig. 7B was obtained. 

Then, the electrode was put back in contact with the zero solution, obtaining the 
25 balanced electric current shown in Fig. 7C. Thereafter, when the electrode was subsequently 
brought in contact with the standard solution with the BOD level of 13 ppm containing 
phosphate ion (0.16 mol/1), the balanced electric current was decreased to near zero as shown in 
Fig. 7D. 

Compared with Fig. 7B, the balanced electric current was significantly decreased by the 
3 0 effect of phosphate ion. 

When the electrode was put back again in contact with the zero solution containing no 
phosphate ion, the electric current did not return to the level of the balanced electric current in C 
in short time as shown in Fig. 7E. Thus, the effect of phosphate ion sustained even after the 
electrode was brought in contact with a solution containing no phosphate ion. 
35 Therefore, similar experiments were carried out using the zero solution containing 0.05 

mol/1 phosphate ion. As a result, as shown in Fig. 8, the balanced electric currents for the 
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standard solutions with the BOD level of 18 ppm containing no phosphate ion, containing 0.16 
mol/1 of phosphate ion, and containing 0.016 mol/1 of phosphate ion, were as shown in B, D, and 
F, respectively. Therefore, the effect of phosphate ion was greatly diminished. In particular, 
almost no effect was found in the solution containing 0.016 mol/1 of phosphate ion. The base 
5 line was stable as shown in A, C, E, and G 

Next, the time required for reaching the balanced electric current was measured for the 
1 8 ppm standard solutions with or without 0.05 mol/1 of phosphate ion. The results are shown 
in Fig. 9A and B, respectively. 

The response A in the test solution with phosphate ion reached the balanced electric 
1 0 current about 10 minutes faster than the response B without phosphate ion, and thus, the time 
required for the measurement was shortened by the presence of phosphate ion. 

[Example 5] 

Wastewater from a food factory was diluted appropriately with phosphate buffer (0.05 
1 5 mol/1, pH 7), and the BOD level was determined as described in Example 1 . 

At the same time, the BOD level of the diluted solutions was determined using the 
method according to JIS, and the data was plotted against that obtained by the method of the 
present invention. As shown in Fig. 10, there was a linear relationship between the values 
determined by the two methods. 
20 Thus, the method of the present invention can rapidly determine the BOD level of actual 

wastewater. 

Brief Description of the Drawings 

Fig. 1 illustrates an example of the device for determining BOD of the present 
25 invention. 

Fig. 2 illustrates an example of the system for determining BOD of the present 
invention. 

Fig. 3 and Fig. 4 are graphs showing the relationship between the BOD level and the 
balanced electric current. 
30 Fig. 5 is a graph showing the stability and durability of the device of the present 

invention. 

Fig. 6 is a graph showing the stability and durability of the conventional 
microorganism-immobilized electrode. 

Fig. 7 is a graph showing the effect of phosphate ion in test solutions. 
35 Fig. 8 shows the response curve when the measurement is carried out in the presence of 

phosphate ion. 
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Fig. 9 is a graph showing the effect of phosphate ion. 
Fig. 1 0 is a graph showing the relationship between the BOD of wastewater and 
balanced electric current. 
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[Fig. 9] 
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